Scrophularia striata (Scrophulariace) grows naturally in the western parts of Iran. This study investigated the effects of mechanical and chemical scarification, moist chilling, soaking in gibberellic acid, after-ripening, and some combined treatments on seed germination behaviour of S. striata. Germination under standard conditions was 13%. Mechanical and chemical scarification of the seed coat improved germination. Furthermore, germination was promoted by moist chilling and chemicals, indicating 'endogenous dormancy'. The best germination occurred in seeds soaked in 400 ppm GA 3 for 24 hours and given moist chilling at 5°C for one week. In this treatment, total germination reached 92%. Dormant seeds showed low enzyme activity, while enzyme activity in treated seeds was significantly higher.
Experimental and discussion
There are five species of Scrophularia (Scrophulariaceae) in Iran (Mozafarian, 1999) . Scrophularia striata Boiss., growing in the western regions of Iran, has been used since ancient times in traditional medicines to treat eczema, wounds, goiter, ulcers, cancer and fistulae. Both leaves and seeds of S. striata contain anti-cancer and cell growth enhancing agents (Ardeshiry Lajimi et al., 2010) . Seeds of many temperate plant species are dormant at the time of dispersal. Specific temperature requirements must be met before they can germinate (Baskin and Baskin, 1998) . A dormant seed (or other germination unit) is a seed that does not have the capacity to germinate in a specified period of time under any combination of normal physical environmental factors .
Some enzymes, such as α-amylases, play important roles in breaking seed dormancy. These enzymes initiate the mobilisation of starch in germinating seeds (Fincher, 1989) . Biswas et al. (1978) reported that dormant seeds of large crabgrass had very little or no activity of α-amylase, whereas non-dormant seeds showed appreciable activity.
S. st riata is an important medical plant and there is no information about its seed dormancy in literature. The objectives of this study were to investigate the mechanism of seed dormancy and to improve seed germination in S. striata.
Mature seeds of S. striata were collected in September 2012 from the south west of Ilam province, Iran. Weight of 1000 seeds was 0.32 g.
To study imbibition and physical dormancy, imbibition was monitored for mechanically and chemically scarified and non-treated (control) seeds. For mechanical scarification, sand paper was used. For chemical scarification, seeds were soaked in concentrated H 2 SO 4 (98% v/v). Four replications, each comprising 100 of both mechanically and chemically scarified seeds and 100 non-scarified seeds, were placed on double layers of filter paper moistened with 10 ml distilled water in 90 mm-diameter Petri dishes and incubated in the dark at 25°C for 0, 3, 6, 12, 24, 48, 72, 96 and 120 hours. After incubation, the seeds were blotted dry and weighed to the nearest milligram. The amount of water taken up was determined from the increases in seed weight and converted to percentage:
where W is percentage increase in mass and W i and W d represent masses of imbibed and dry seeds, respectively. . Both scarified and intact seeds imbibed water and increased in mass with an increase in imbibition period. The rate of imbibition was slightly higher in scarified seeds (figure 1). Various dormancy-breaking treatments were tested. For chemical scarification treatment with H 2 SO 4 , seeds were soaked in concentrated H 2 SO 4 for 2, 5, 10 or 15 minutes and then washed thoroughly with tap water. For mechanical scarification, soft sand paper (No. 150) was used. For gibberellin treatment five GA 3 (Merck) concentrations (10, 50, 100, 250 and 400 ppm) were tested. For chilling treatments, seeds were put on wet paper in Petri dishes and then placed at 5°C for 1, 2, 4, 8 and 12 weeks. For dry after-ripening, seeds were stored in paper bags at room temperature for one and two years. Increase in mass (%)
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For the first combination treatment, seeds were presoaked in GA 3 (100, 250, 400 ppm for 24 hours) and followed by moist-chilling for one week. For other combination treatments, mechanical scarification (using sand paper), chemical scarification (soaking in 98% H 2 SO 4 for two minutes), or after-ripening (one year) were also followed by moist chilling for one week. Dormancy breaking experiments were conducted in a randomised complete block design. Three replications of 50 seeds were used per treatment, and the seeds were tested for germination in a germinator under a cycle of 16 hours at 25°C and eight hours at 15°C. Analysis of variance was performed using the SAS statistical software package, version 9.2. Treatment means were compared using Duncan's multiple range test at 5% level of probability. Mean germination time (MGT) was calculated based on the following equation (Manjkhola et al., 2003) :
N where n i is the number of seeds germinated after each period of incubation in days (d i ) and N is the total number of germinated seeds at the end of the experiment. The seed vigour index (VI) was calculated as following (Ellis and Robert, 1981) :
where Ls is the mean seedling length (mm) and Pg is percentage germination. Germination parameters such as total germination, normal germination, MGT and VI were improved by mechanical and chemical scarification. Two minutes scarification with H 2 SO 4 showed better results than other durations (36.7%; table 1). It was also more effective than mechanical scarification. Mechanically scarified seeds of S. striata had 20.7% germination. Similar to our result, mechanically scarified seeds of Dodonaea viscosa Jacq. germinated very well (96-100%) under a wide range of temperature regimes . Non-scarified seeds of S. striata, on the other hand, had 13.3% germination. The total and normal germination percentage of scarified seeds decreased initially as the duration of chemical scarification was increased (table 1) . Period of immersing in acid is critical since long soaking periods can excessively burn the seed coat and damage the embryo (Schmidt, 2000) . Similar to our results, Rahnama and TavakkolAfshari (2007) reported a reduction in seed vigour index and germination percentage of Ferula gummosa Boiss. by increasing the immersion period in H 2 SO 4.
Compared with the control, GA 3 at any concentration, improved germination parameters (table 1). Higher GA 3 concentrations resulted in higher germination. The germination parameters were significantly enhanced with moist chilling compared with control. Moist chilling for one week was more effective, and germination percentage decreased as the duration increased. Seeds that have physiological dormancy usually require periods of moist chilling for dormancy break . After-ripening at room temperature for two years resulted in 35.3% germination, which did not differ significantly from that of after-ripening for one year (30.7%). Seeds that possess non-deep physiological dormancy are released from dormancy, often at a slow rate, when they are stored dry at room temperature (Finch-Savage and Leubner-Metzger, 2006) . Data that do not share the same letters differ significantly at P < 0.05. Gt = total germination; Gn = normal germination; MGT = mean germination time; VI = vigour index Every treatment administered alone was less effective than in combination with moist chilling. Germination of seeds treated by mechanical scarification + moist chilling reached 68.7%. Scarification with H 2 SO 4 (two minutes) and after-ripening for one year followed by moist chilling (one week) resulted in high germination percentages (72.0 and 74.7%, respectively). Soaking seeds in 400 ppm of GA 3 for 24 hours followed by moist chilling at 5°C for one week resulted in the highest germination percentage (92%). Similar to our results seeds of Scrophularia marilandica L. exhibit physiological dormancy which can be alleviated by exposure to light, after-ripening and moist chilling (Nurse and Cavers, 2008) . Moreover, dormancy in seeds of Scrophularia nodosa L. was broken by moist chilling (Vranckx and Vandelook, 2012) . The germination percentage of Michelia chapensis Dandy increased to 77% after 80 days at 5°C (Zhou, 1990) . Moist chilling has been reported to increase GA 3 concentration and sensitivity (Nadjafi et al., 2006) . Manjkhola et al. (2003) concluded that moist chilling combined with GA 3 pre-treatment at different concentrations produced variable germination responses in alpine and subalpine populations of Arnebia benthamii (Wall. Ex G. Don). Johnston. Moist chilling has been widely used as a pre-sowing treatment for breaking seed dormancy and enhancing the maximum rate and germination percentage of dormant seeds of many species (Baskin et al., 1992) .
Enzyme activity was assayed for the control seeds and seeds given moist chilling (one week) and GA 3 (400 ppm) + moist chilling (one week) which resulted in the highest germination parameters. For assay of α-amylase activity, both treated and untreated seeds were placed in Petri dishes with a moistened filter paper and allowed to imbibe for 12 hours. The seeds were powdered thoroughly in liquid nitrogen and then ground with a pestle in a chilled mortar with 10 ml of cold phosphate buffer (0.1 M pH 7.2). The homogenate was centrifuged in a refrigerated centrifuge at 4°C for 25 minutes at 10000 rpm. Clean supernatant was decanted and stored at -80°C for enzyme assay (Biswas et al., 1978 , with some modifications). α-amylase activity of the seed extract was determined according to the method of Baker (1991) and Bernfeld (1991) with some modifications. 200 µl of 1% starch solution (Merck) in phosphate buffer was added to 50 µl of enzyme extract. The reaction mixture was incubated at 37°C for 30 minutes, into which 100 µl dinitrosalicylate reagents was added afterwards. The reaction mixture was then kept in boiling water for 10 minutes for the termination of the reaction. After that, the mixture was diluted with 350 µl distilled water, mixed well and the absorbance was read immediately at 540 nm using a spectrophotometer. Enzyme activity experiment was conducted in a completely randomised design with three replications.
Enzyme activity increased significantly from 26% in control seeds to 90 and 98% in moist chilling (one week) and GA 3 (400 ppm) + moist chilling (one week) treated seeds, respectively. Therefore, α-amylase plays an important role in S. striata seed germination. This enzyme is responsible for initiating the mobilisation of starch in germinating seeds (Fincher, 1989) . Similar to our results, Biswas et al. (1978) stated that dormant seeds of large crabgrass had very little or no activity of α-amylase, whereas non-dormant seeds showed appreciable activity.
When adequate time is available, to get a good germination of S. striata seeds we recommend after-ripening followed by moist chilling. recognised three levels of physiological dormancy including deep, intermediate and non-deep. Physiological dormancy is mostly caused by the double, or the so-called physiological germination inhibiting mechanism (PIM): decreased embryo activity and the inhibitory effect of covers . According to their classification, seeds with non-deep physiological dormancy have five features, namely: response to gibberellic acid, high germination after scarification, loosing dormancy during afterripening and improving germination after scarification. Therefore, according to the results of this study S. striata seeds exhibit non-deep physiological dormancy.
